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CLASS-D AMPLIFIER WITH NESTED
FEEDBACK LOOPS

TECHNICAL FIELD

The technology disclosed herein relates to audio ampli-

fiers and 1n particular class-D audio amplifiers with
improved performance.

BACKGROUND

Audio amplifiers receive mput signals and generate output
signals with increased power. For example, when the input
signal 1s a time-varying signal such as an audio signal, the
amplifier output signal (1.e., the amplified signal) will have
a proportionally greater amplitude than the mput signal. The
gain of an amplifier describes the ratio between the magni-
tude of the output and input signals, and the amplifier’s
bandwidth 1s the range of frequencies amplified by the
amplifier. One goal of an amplifier 1s to produce an output
signal with an acceptable gain, over needed frequencies,
without introducing unwanted distortions. Audio amplifiers,
for example, are designed to reproduce mput audio signals
at their output, with desired power levels and with accept-
able distortion, over typical audio frequency ranges (e.g., 20
Hz to 20 kHz).

Class-D amplifiers derive a pulse-width modulated
(PWM) signal from an mput signal and amplify the PWM
signal using switching transistors. The amplified signal 1s
then passed through a low-pass filter before generating the
output signal. Class-D amplifiers may utilize feedback to
reduce distortion and noise in the output signal. One of the
challenges with such amplifiers 1s that even with the benefit
of feedback, there are limits to the gain and bandwidth that
can be achieved by a class-D amplifier before limitations
arise. For example, for certain class-D amplifiers, there
exists a limit on how much gain may be achieved before the
amplifier suflers from stability 1ssues. Accordingly, there 1s
a need for an improved class-D amplifier design.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified block diagram of a conventional
class-D amplifier;

FIG. 2 1s a component-level diagram of a class-D ampli-
fier with feedback:

FIG. 3 1s a component-level diagram of a class-D ampli-
fier with nested feedback 1n accordance with one embodi-
ment of the disclosed technology;

FIG. 4 1s a schematic diagram of a nested feedback circuit
for a class-D amplifier 1n accordance with one embodiment
of the disclosed technology; and

FIG. 5 1s a component-level diagram of a class-D ampli-
fier with additional nested feedback 1n accordance with one
embodiment of the disclosed technology.

DETAILED DESCRIPTION

As will be discussed 1n further detail below, the technol-
ogy disclosed herein relates to amplifiers and 1n particular to
class-D amplifiers with nested feedback loops that improve
amplifier performance.

Embodiments of the present technology provide an audio
amplifier having, first and second summing nodes, a switch
node, and a switching amplifier coupled between the switch
node and the first summing node. A filter 1s coupled to the
switch node, and the filter 1s between the switch mode and
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2

a speaker that receives the amplified output signal. A global
teedback loop receives a signal portion from filter and
provides the signal portion to a third summing node. A
nested amplifier portion generates a pulse-width modulated
signal driven on the first summing node, and the nested
amplifier portion has a first feedback loop nested within
second feedback loop. The first feedback loop has a first loop
teedback module that provides a first feedback signal from
the switch node to the first summing node. The second
teedback loop provides a second feedback signal from the
switch node to the second summing node. The second
teedback loop has a second loop feedback module coupled
between the switch node and the second summing node. A
second loop integrator module 1s coupled to the second
summing node. A second loop compensator module 1s
coupled to the second loop integrator module and a com-
pensator node, with the second loop integrator module
between the second loop compensator module and the
compensator node. A second loop forward compensator
module 1s coupled between the second loop compensator
module and the first summing node. The global feedback
loop can have an outer loop feedback module between the
filter and the third summing node, wherein the third sum-
ming node receives an amplifier input signal. An outer loop
summing module 1s coupled to the third summing node, and
an outer loop forward compensation module 1s coupled to
the outer loop summing module node and the second sum-
ming node. The outer loop summing module 1s between the
third summing node and the outer loop forward compensator
module.

Another embodiment provides an audio amplifier having
first and second summing nodes, a switch node, and a
switching amplifier coupled between the switch node and
the first summing node. A filter coupled to the switch node
1s between the switch mode and a speaker that receives the
amplified output signal. A nested amplifier portion 1s con-
figured to generate an amplified signal portion driven on the
first summing node. The nested amplifier portion has a first
teedback loop nested within second feedback loop. The first
teedback loop has a first loop feedback module that provides
a first feedback signal portion from the switch node to the
first summing node. The second feedback loop provides a
second feedback signal portion from the switch node to the
second summing node. The second feedback loop has a
second loop feedback module coupled between the switch
node and the second summing node. A second loop integra-
tor module 1s coupled to the second summing node. A
second loop compensator module 1s coupled to the second
loop integrator module and a compensator node, with the
second loop integrator module between the second loop
compensator module and the compensator node. A second
loop forward compensator module 1s coupled between the
second loop compensator module and the first summing
node.

Another embodiment of the present technology provides
a class-D amplifier that receives an audio mput signal. The
amplifier comprises a switching amplifier configured to
drive an amplified signal to a switch node based on a
pulse-width modulated signal received by the switching
amplifier at a first summing node. An inductor/capacitor
(LC) filter 1s coupled to the switch node and configured to
generate an amplifier output signal from the amplified signal
driven by the switching amplifier. A global feedback loop 1s
coupled to the LC filter output, the input signal, and a global
summing node. Nested feedback circuits are configured to
generate the pulse-width modulated signal driven on the first
summing node based on the mput signal. The nested feed-
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back circuits have a first feedback loop nested within second
teedback loop. The first feedback loop has a first loop
teedback module from the switch node to the first summing
node. The second feedback loop has a second loop feedback
module coupled to the switch node and a second summing
node. A second loop integrator module 1s coupled to the
second summing node and an integrator node. A second loop
compensator module 1s coupled to the integrator node and a
compensator node, and a second loop forward compensator
module 1s coupled to the compensator node and the first
summing node.

The second loop feedback module can includes a resistor,
the second loop integrator module can includes a capacitor
and an opamp, the second loop compensator module can
includes a resistor, a capacitor, and an opamp. The switching
amplifier can include two MOSFETs connected 1n series,
wherein the pulse-width modulated signal 1s coupled to the
gate of both MOSFETs. The amplifier output signal gener-
ated by the LC filter can drive a speaker. The amplifier of
one or more embodiment can include a third feedback loop
coupled to the switch node, the input signal, and the second
summing node. The amplifier can have a triangle carrier
signal coupled to the first summing node.

Referring now to the drawings, FIG. 1 1s a simplified
block diagram of a conventional class-D amplifier 105 that
generates an amplified output signal 110 from an 1input
signal 115. When the input signal and the output signal are
audio signals, the amplifier 105 can be used to drive, for
example, a powered speaker 145. Though not shown, the
amplifier 105 can also be used to drive a rackmount power
amplifier or other audio equipment.

In the 1llustrated example, both the mput signal 115 and
the amplified output signal 110 are analog signals. However,
as described herein, 1 a class-D amplifier 105 the amplity-
ing devices operate as electronic switches operating on
received modulated pulses. The illustrated amplifier 105
therefore generates a modulated signal 125 from the input
signal 1135 using a modulator 120. The modulated signal can
be a train of square pulses of fixed amplitude but varying
width and separation, and represents the amplitude varia-
tions of the analog mput signal. The modulated signal can be
derived using pulse-width modulation (PWM), pulse density
modulation, or other forms of modulation. For example, the
modulator can be implemented as a comparator that com-
pares a triangular carrier to the input signal, which generates
a series of pulses 1n which the duty cycle 1s proportional with
the 1nstantaneous value of the mput signal.

The modulated signal 125 drnives a switching amplifier
130, which generates an amplified modulated signal 135.
The frequency content of the amplified modulated signal
135 includes high-frequency content from the modulation
process, as well as the content of the mput signal 115. The
class-D amplifier 105 therefore may include a low-pass filter
140 to filter out the high-frequency content prior to driving
an output device, such as the powered speaker 145. The
low-pass filter can be implemented, for example, using an
inductor and a capacitor (1.e., an LC filter).

Class-D amplifiers may utilize various forms of feedback
to provide error control, thereby reducing noise and distor-
tion 1n the amplified output signal. For example, a class-D
amplifier may use feedback from the input to the LC filter to
correct for noise on the rail voltages supplying the switching
amplifier. Similarly, a class-D amplifier may use feedback
from the LC filter output to correct for noise itroduced by
the filter.

FIG. 2 1illustrates the component-level diagram of a
class-D amplifier 205 with feedback, constructed 1n accor-
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4

dance with an embodiment of the disclosed technology. The
amplifier 205 generates an amplified output signal 210 from
an 1mput audio signal 2135. The mput audio signal 215 can be
an analog audio signal. The amplifier 205 includes a builer
stage 220 for the mput audio signal, which can be 1imple-
mented for example using one or more resistors or other
discrete elements. The amplifier 205 also includes a switch-
ing amplifier 225 and an inductor/capacitor (LC) filter 230.
The switching amplifier 225 can be implemented using
amplifying devices, for example MOSFET transistors, that
operate as electronic switches. In some embodiments, the
switching amplifier 2035 can have two MOSFETs connected
in series, and a pulse width modulated signal 1s coupled to
the gate of the MOSFETs. The transistors switch back and
forth between the positive and negative rail voltages sup-
plying the transistors based on the modulated signal, thereby
generating the amplified modulated signal in which the pulse
amplitude 1s based on the switching transistor supply volt-
ages. In other words, the amplification 1s achieved by virtue
of the switching. The switching amplifier and LC filter
operate as described above with respect to the switching
amplifier 130 and low-pass filter 140 1illustrated 1n FIG. 1.
The amplifier 205 of FIG. 2 additionally includes two
teedback loops, described below.

The amplifier 205 1includes an mner loop feedback module
240 driven by the output of the switching amplifier 225, at
a switch node 235, and drives a summing node 245 at the
switching amplifier input. The feedback from the switching
amplifier output (1.¢., the switch node) to the switching
amplifier input (1.e., the summing node) enables the ampli-
fier 205, for example, to correct for errors introduced by the
switching amplifier 225. The inner loop feedback module
240 can be implemented, for example, using one or more
resistors or other discrete elements.

The amplifier 205 additionally includes an outer feedback
module 250, which feeds the amplified output signal 210 of
the amplifier 205 to an outer loop summing node 255, which
1s additionally driven by the bufler stage 220. The outer
teedback module 250 can be mmplemented using, for
example, one or more resistors, capacitors, or other discrete
clements. The outer loop summing node 253 drives an outer
loop summing module 260, which drives an outer loop
forward compensation module 265; the outer loop summing
module 260 and outer loop forward compensation module
265 collectively compensate for the outer feedback module
250. The outer loop summing module 260 can be 1mple-
mented as an operational amplifier (“opamp”) with summing,
error amp input, in which one or more resistors, capacitors,
and other discrete elements drive the opamp output back to
the negative mput of the opamp. The outer loop forward
compensation module 265, which drives the summing node
245 and ultimately the switching amplifier 225, can be
implemented with one or more resistors, capacitors, or other
discrete elements. The outer feedback, or global feedback,
from the amplifier output enables the amplifier 205 to
correct for errors introduced by the LC filter 230. Further-
more, the outer loop compensators enable further stability
and error correction.

In class-D amplifiers, errors introduced between the input
to the switching amplifier and the output from the switching
amplifier (i1.e., across the switching amplifier) commonly
dominate the overall performance of the amplifier. That 1is,
the switching amplifier may be the largest contributor to
total harmonic distortion plus noise (THD+N) 1n the ampli-
fier output. As a result, conventional class-D amplifier
designs tend to focus on improvements to the error correc-
tion of the mnner feedback loop (such as the inner loop
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teedback module 240 illustrated 1n FIG. 2). Inner feedback
loop error correction may be improved, for example, by
increasing the loop gain and bandwidth of the mnner feed-
back loop as much as possible. There are however limita-
tions on how much nner feedback loop gain can be achieved
when considerations such as small-signal stability criterion,
large-signal physical criterion, and time-domain related cri-
terion are considered (e.g., Nyquist stability criterion due to
the switching nature of the switching amplifier).

The amplifier 205 of the present technology provides
additional feedback from the switching amplifier output to
obtain further improved performance. For example, a second
iner feedback loop can be used to take feedback from the
switching amplifier output and close around the inner feed-
back loop described above (such as the mner feedback
described 1n FIG. 2). The additional second inner feedback
loop, as well as the inner feedback loop nested within 1t (1.e.,
the first inner feedback loop), can be combined with other
components to produce an eflective power stage (e.g., gain
and phase) that behaves similar to a single 1nner feedback
loop. Furthermore, the two inner feedback loops can pro-
duce an eflective total error correction much greater (which
respect to errors introduced across the switching amplifier)
than a single inner feedback loop. That 1s, the “nesting™ of
inner feedback loops provides greater performance than a
class-D amplifier with only a single inner feedback loop.

FIG. 3 illustrates the component-level diagram of a
class-D amplifier 3035 with the nested feedback, constructed
in accordance with embodiments of the disclosed technol-
ogy. The amplifier 305 shares certain similarities with the
amplifier 1llustrated in FIG. 2, including a switching ampli-
fier 310 to generate an amplified signal, and an LC filter 315
to eliminate high-frequency content from the amplified
signal before driving an amplifier output 320. The amplifier
305 can also utilize outer feedback and compensation 3235
from the amplifier output. As illustrated in FIG. 3, the
amplifier 305 also utilizes nested feedback 330 from the
switch node 335 driven by the switching amplifier 310.

The nested feedback 330 includes a first inner feedback
loop 340, which includes a first inner loop feedback module
342. The first mner loop feedback module 342 1s driven by
the output of the switching amplifier 310 at the switch node
335, and drives a first summing node 345 at the switching
amplifier input. The first inner loop feedback module 342
can be implemented, for example, using one or more resis-
tors or other discrete elements.

The nested feedback 330 also includes a second inner
teedback loop, which includes a second 1nner loop feedback
module 352. The second inner loop feedback module 352,
which can be implemented using one or more resistors or
other discrete elements, 1s driven by the output of the
switching amplifier 310 at the switch node 335. However,
unlike the first inner loop feedback module 342, the second
iner loop feedback module 352 drives a different node,
such as a second summing node 355. The second summing
node 355 1s additionally driven by the outer teedback and
compensation 325, and 1s ultimately coupled (via a second
loop integrator module 360, a second loop compensator
module 365, and a second loop forward compensator mod-
ule 370, described further below) to the first summing node
345 of the first inner feedback loop. Accordingly, the second
inner feedback loop 350 of the nested feedback surrounds
the first inner feedback loop 340.

As described above, the second summing node 335 drives
the second loop integrator module 360, which then drives
the second loop compensator module 365. The second loop
integrator module 360 and the second loop compensator

10

15

20

25

30

35

40

45

50

55

60

65

6

module 365 combine to provide compensation for the sec-
ond mner feedback loop 350. The second loop integrator
module 360 can be implemented as an opamp with negative
teedback, with a capacitor or other discrete element on the
negative opamp feedback path. The second loop compen-
sator module 365 can be implemented as an opamp with
negative feedback, with a capacitor and resistor (e.g., n
parallel with one another) on the negative opamp feedback
path. The second loop compensator module 3635 drives the
second loop forward compensator module 370, which can be
implemented by one or more resistors or other discrete
clements. The second loop forward compensator module
365 drives the first summing node 345 of the first inner
teedback loop 340, thereby completing the nesting of the
second iner feedback loop 350 around the first inner
teedback loop 340.

FIG. 4 1illustrates the schematic diagram of a nested
teedback circuit 405 for a class-D amplifier 400, constructed
in accordance with an embodiment of the disclosed tech-
nology. The 1llustrated nested feedback circuit 405 repre-
sents a portion, and not the entirety, of the amplifier 400.
That 1s, the illustrated circuit has inputs and outputs internal
to the overall amplifier 400. For example, the circuit 4035
receives mput signal V o;;- 410, corresponding to a switching
amplifier output, or switch node, of the amplifier 400. The
circuit 403 additionally recerves mput V ., 415, correspond-
ing to a compensator output of a global feedback loop of the
amplifier 400, the circuit 405 outputs a signal V., 420, which
drives a switching amplifier input of the amplifier 400. As
described below, the circuit elements 1llustrated in FIG. 4 are
identified by various transier functions that characterize the
change 1n signal across those elements; transfer functions
are denoted with an arrow 1n the figure. The transier func-
tions may correspond to class-D amplifier components or
modules described herein (e.g., 1n connections with FIGS. 2,
3, and 5).

Circuit elements 4235 are coupled between signal V ;- 410
(a switching amplifier output) and signal V., 420 (the
switching amplifier input), and implement a first inner loop
teedback transter function 430. In the illustrated embodi-
ment, the circuit elements include a resistor 426, a resistor
427, and a resistor 428 connected 1n series.

Circuit elements 435 are coupled between signal V.- 410
(a switching amplifier output) and V., 415, and implement
a second inner loop feedback transfer function 440. In the
illustrated embodiment, the circuit elements 1include a resis-
tor 436.

Circuit elements 445 are coupled between V., 415 and a
signal V.., 441, and implement a second 1nner loop integra-
tor transter function 450. In the 1llustrated embodiment, the
circuit elements include an opamp 446, with a capacitor 447
connected to the opamp output and the opamp negative
input.

Circuit elements 455 are coupled between V,,, 441 and a
signal V,; o1 442, and implement a second inner loop
compensator transfer function 460. In the illustrated
embodiment, the circuit elements include a resistor 456, 1n
parallel with a resistor 457 and capacitor 458, that drive the
negative input of an opamp 459 from V,,. The circut
clements also include a resistor 461 and capacitor 462, 1n
parallel with one another and connected between the opamp
output (V, o) and the negative input of the opamp.

Circuit elements 465 are coupled between V,, .,.,» 442
and signal V., 420 (i.e., the output of nested feedback circuit
403), and implement a second inner loop forward compen-
sator transfer function 470. In the illustrated embodiment,
the circuit elements include a resistor 466.
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Though FIG. 4 illustrates an example of a schematic
diagram of a nested feedback circuit constructed in accor-
dance with an embodiment of the disclosed technology,
other circuits can be used. For example, circuit elements
illustrated as being directly connected to one another 1n FIG.
4 may instead be coupled to one other, such as operatively,
clectrically, or other, with other circuit elements connected
directly 1n between.

While FIGS. 3 and 4 illustrate examples of class-D
amplifiers with two levels of nested feedback (1.e., a first
inner feedback loop and a second inner feedback loop),
additional nesting may be utilized. FIG. 5 1s a component-
level diagram of a class-D amplifier 505 with three levels of
nested feedback, constructed in accordance with an embodi-
ment of the disclosed technology. The class-D amplifier
shares certain similarities with the amplifier illustrated 1n
FIG. 3 (with two-levels of nested feedback), including two
levels of nested feedback surrounding a switching amplifier
510, outer feedback and compensation 515, and a low-pass
filter 520. The class-D amplifier additionally includes a third
inner feedback loop 525, with third inner loop feedback
module 530 and third mner loop compensation modules
535a, 535b, and 535c¢.

From the foregoing, it will be appreciated that specific
embodiments of the mvention have been described herein
for purposes of illustration, but that various modifications
may be made without deviating from the scope of the
invention. Accordingly, the invention 1s not limited except as
by the appended claims.

I claim:

1. An audio amplifier that generates an amplified output

signal, comprising:

first and second summing nodes;

a switch node;

a switching amplifier coupled between the switch node
and the first summing node;

a filter coupled to the switch node, with the filter between
the switch mode and a speaker that recerves the ampli-
fied output signal;

a global feedback loop configured to receive a signal
portion from the filter and provide the signal portion to
a third summing node; and

a nested amplifier portion configured to generate a pulse-
width modulated signal driven on the first summing
node, the nested amplifier portion comprising a first
feedback loop nested within second feedback loop,
wherein:
the first feedback loop comprises:

a first loop feedback module that provides a first
teedback signal from the switch node to the first
summing node; and

the second feedback loop that provides a second feed-
back signal from the switch node to the second
summing node, the second feedback loop comprises:

a second loop feedback module coupled between the
switch node and the second summing node;

a second loop integrator module coupled to the
second summing node;

a second loop compensator module coupled to the
second loop integrator module and a compensator
node, with the second loop integrator module
between the second loop compensator module and
the compensator node; and

a second loop forward compensator module coupled
between the second loop compensator module and
the first summing node.
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2. The amplifier of claim 1 wherein the global feedback
loop comprises:

an outer loop feedback module between the filter and the
third summing node, wherein the third summing node
receives an amplifier input signal;

an outer loop summing module coupled to the third
summing node; and

an outer loop forward compensation module coupled to
the outer loop summing module node and the second
summing node, wherein the outer loop summing mod-
ule 1s between the third summing node and the outer
loop forward compensator module.

3. The amplifier of claim 1 wherein the second loop

integrator module includes a capacitor and an opamp.

4. The amplifier of claaim 1 wherein the second loop
compensator module includes a resistor, a capacitor, and an
opamp.

5. The amplifier of claim 1 wherein the switching ampli-
fier includes two MOSFETs connected 1n series, wherein the
pulse-width modulated signal 1s coupled to the gate of both
MOSFETs.

6. The amplifier of claiam 1 wherein the filter 1s an
inductor/capacitor (LC) filter.

7. The amplifier of claim 1 further comprising a triangle
carrier signal coupled to the first summing node.

8. An audio amplifier, comprising;

first and second summing nodes;

a switch node;

a switching amplifier coupled between the switch node
and the first summing node;

a filter coupled to the switch node, with the filter between
the switch mode and a speaker that recerves the ampli-
fied output signal;

a nested amplifier portion configured to generate an
amplified signal portion driven on the first summing
node, the nested amplifier portion comprising a first
teedback loop nested within a second feedback loop,
wherein:
the first feedback loop comprises:

a first loop feedback module that provides a first
teedback signal portion from the switch node to
the first summing node; and

the second feedback loop that provides a second feed-
back signal portion from the switch node to the
second summing node, the second feedback loop

COMprises:

a second loop feedback module coupled between the
switch node and the second summing node;

a second loop integrator module coupled to the
second summing node;

a second loop compensator module coupled to the
second loop integrator module and a compensator
node, with the second loop integrator module
between the second loop compensator module and
the compensator node; and

a second loop forward compensator module coupled
between the second loop compensator module and
the first summing node.

9. The amplifier of claim 8, further comprising a global
teedback loop configured to receive an output signal portion
from the filter and provide the output signal portion to a third
summing node, the global feedback loop comprising:

an outer loop feedback module between the filter and the
third summing node, wherein the third summing node
receives an amplifier input signal;

an outer loop summing module coupled to the third
summing node; and
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an outer loop forward compensation module coupled to
the outer loop summing module node and the second
summing node, wherein the outer loop summing mod-
ule 1s between the third summing node and the outer
loop forward compensator module.

10. A class-D amplifier that receives an audio mput signal,

the amplifier comprising:
a switching amplifier configured to drive an amplified
signal to a switch node based on a pulse-width modu-
lated si1gnal received by the switching amplifier at a first
summing node;
an inductor/capacitor (LC) filter coupled to the switch
node and configured to generate an amplifier output
signal from the amplified signal driven by the switching,
amplifier;
a global feedback loop coupled to the LC filter output, the
input signal, and a global summing node; and
nested feedback circuits configured to generate the pulse-
width modulated signal driven on the first summing
node, based on the iput signal, the nested feedback
circuits comprising a first feedback loop nested within
a second feedback loop, wherein:
the first feedback loop comprises:
a first loop feedback module from the switch node to
the first summing node; and

the second feedback loop comprises:

a second loop feedback module coupled to the switch
node and a second summing node;

a second loop integrator module coupled to the second
summing node and an integrator node;

a second loop compensator module coupled to the
integrator node and a compensator node; and

a second loop forward compensator module coupled to
the compensator node and the first summing node.

11. The class-D amplifier of claim 10 wherein the global

teedback loop comprises:
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an outer loop feedback module coupled between the LC
filter output and the global summing node, wherein the
global summing node 1s configured to receive the audio
input signal;

an outer loop summing module coupled to the global

summing node; and

an outer loop forward compensation module coupled to

the outer loop summing node and the second summing
node, wherein the outer loop summing module 1s
between the global summing node and the outer loop
forward compensator module.

12. The class-D amplifier of claim 10 wherein the second
loop feedback module includes a resistor.

13. The class-D amplifier of claim 10 wherein the second
loop integrator module 1includes a capacitor and an opamp.

14. The class-D amplifier of claim 10 wherein the second
loop compensator module i1ncludes a resistor, a capacitor,
and an opamp.

15. The class-D amplifier of claim 10 wherein the second
loop forward compensator module includes a resistor.

16. The class-D amplifier of claim 10 wherein the switch-
ing amplifier includes two MOSFETSs connected 1n series,
wherein the pulse-width modulated signal 1s coupled to the
gate of both MOSFETs.

17. The class-D amplifier of claim 10 wherein the input
signal 1s an analog audio signal.

18. The class-D amplifier of claim 10 wherein the class-D
amplifier output signal generated by the LC filter drives a
speaker.

19. The class-D amplifier of claim 10 further comprising
a third feedback loop coupled to the switch node, the input
signal, and the second summing node.

20. The class-D amplifier of claim 10 further comprising
a triangle carrier signal coupled to the first summing node.
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